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Weed Community and Species Response to Crop Rotation.,
Tillage, and Nitrogen Fertility’

RANDY L. ANDERSON. DON L. TANAKA, AL L BLACK, and EDWARD E. SCHWEIZER2

Abstract: Producers in the northern Great Plains are exploring alternative crop rotations, with the
goal ot replacing spring wheat-tallow. We characterized the weed associations occurring with tillage
system and nitrogen level in two rotations, spring wheat (SW)-fallow (F) and SW-winier wheat
(WW)-sunflower SIJN). Weed density was measured 10 yr after initiation of the study. With both
rotations, weed community density was highest with no-till. For SW-P green foxtail, yellow foxtail,
and fairy candelabra comprised 99% of the weed community, whereas 13 species were observed in
SW-WW-SUN. Fairy candelabra, a rangeland species, was observed only in the no-till system of
SW-F In SW-WW-SUN, no-till favored kochia, Russian thistle, and foxtails, whereas common lambs-
quarters and annual sowthistle were more common in tilled systems. Nitrogen fertilizer increased
crop competitiveness in SW-V-SUN with no-till, subsequently reducing weed density. Cultural
strategies that disrupt weed associations will aid producers in managing weeds.
Nomenclature: Annual sowthistle, Sonchus oleraceus L. if’ SONOL: common larnbsquarter, Che
nopodzu,n album .L. # CHEAL: fairy candelabra. Androsace occidenlabs Lunell; green foxtail, Setaria
iiridis (L.) Beau. # SETVI; kochia. Kochia scoparia (U Schrad. # KCHSC: Russian thistle. Salsola
iberica Sennen & Pau # SASKR; yellow foxtail. Setaria glauca (L.) Beauv. # SETLU; wheat,
Triticum aestivum L.; sunflower, Heiianthus annuus L.
Additional index words: Cultural strategies, weed association. AMARE, AMBEL, AVEFA,
CHEAL EPHHT KCHSC POLCO SASKR SETLU SE1VI SINAR SONOL TAROF
Abbreviations: CI conventional-till; F fallow: N. nitrogen; NI no-till; RT, reduced-till; SUN. sun
flower: SW, spring wheat; WW, winter wheat.

INTRODUCTION

The prevalent crop rotation in the drier areas of the
northern Great Plains is spring wheat-fallow (Black
1983). Producers rely on fallow to reduce yield vari
ability: however, fallow is detrimental to long-tenn
health and quality of soil (Doran et at, 1996; Peterson et
a!. 1993). To counter this degradation of soil quality,
producers would like to crop more frequently and reduce
fa.llow. More intensive crop rotations are possible with
no-till systems, which maintain cro. residue on the soil.
aurfase increase precipitation storage tTanaka and An
derson 1997), and improve water use efficiency of crops
Feterson et ai. I 91d6). Land producnviiy is increased
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50% by no-till continuous cropping compared to spring
wheat-fallow (Black et al. 1981).

Producers in the northern Great Plains believe that
weeds will be more difficult to control with intensive
cropping. This belief is based on previous experiences,
as in wet years, producers attempted continuous wheat,
hut serious weed problems developed. Growing spring
wheat continuously resulted in severe tnfestations of fox
tail species (Hume 1982) or wild oat (Avena jfitua L)
(.Donald and Nalewija 1990), w-hereas continuous winter
wheat led to high densities of downy brome (Bromus

L tMo er ut a 4o)_ \eed le i ute’ p
crease.d because the weeds and crons had similar life
cycles (Froud-Williams 1988).

Dcnsity of selected weeds will increase if a cultural
practice is imposed continuously on a weed community.
a response termed “weed association” (Aldrich 1984i.
For example, no-til.l favors kochia and Russian thistle
(Koskinen and McWhorter 1986; Miller and Nalewaja
1985), because weed seeds are not buried below their
emergence capabilities (Aldrich 1984), Another associ
atiOn is.: nitrogen (N) fertiiize.r increasior nitronhilons
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Crop rotation

Bayer code Species name Common name SWF SWWWSUN
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SA5KR Salsola iberica Sennen & Pan Russian thi.stIe X.
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SFT\T I B.
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plied preemergence at 1.3 kg/ha. Glyphosate controlled
weeds present at planting for aH cfops.

In 1 994, we assessed weed flora and seedhank com
position in the spring wheat plots of both rotations. For
weed flora, eight 0.25-rn° quadrats were randomly ar
ranged in a W pattern across each plot, with quadrats 10
in apart. Weed seedlings were counted and identified in
early June. before in-crop herbicides were applied, and
in August, before harvest. For seedbank composition, 20
soil cores, 3 cm in diam and 12 cm deep, were collected
and composited before spring wheat planting. Sampling
sites were arranged in a W pattern across the plot, with
sampling -sites 6 m apart. Procedures for processing soil
samples and identifying weed seeds were reported pre
viously by- Schweizer and Zirndahl (1984).

Treatment effects were similar between weed flora and
seedbank data, with two exceptions. Therefore, only
weed flora data are presented, with the seedbank excep
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Crop rotation

Vi’.--d ccu.u:irri’n- den’ii’ in .SVi’ F arid 5’.’,- V.’Vr-SU N. a’. itrct’.rd
.:--_teuu I.t.Oj acre:: cuaue,acr.’.’. N ircatm:-rit-e TO Or.’,O ‘.k ui—

\t t 01

dons discussed in the text. Weed species observed are
listed in Table 2. Green and yellow foxtail plants were
not counted separately because of difficulty in distin
guishing between seedlings of these species. Weed flora
densities are the sum of both assessment dates and were
analyzed by ANOVA, Tillage by N fertility interactions
were analyzed as a split-split plot design, and except for
foxtails. species were analyzed separately within rotation
because different weed species were present in each ro
tation. Treatment means were separated by either Fish
er’s Protected LSD test or Duncan’s new multiple range
test at the 0M5 level of probability.

RESULTS AND DISCUSSION

Weed Community Response to Rotation and Tillage.
Weed community density, Weed density was highest in
NT with both rotations. For SW-F weed density in
creased from 62 Plants/mr in CT to 292 piants/nie t’or
the NT (Figure 1). A similar trend occurred v ith SW
WW-SfN With both rotations, the magnitude ot changn
was approximately fivefold when companne weed den
sities--i-.n T with Cl. With. most cropping systems, weed
densities tend to increase with NT (Biackshaw et al.
1994: Ftoud-WiNiaip.s

Weed corn rnurti-t direrc,t. Inteeratme c-ropu with differ
ent life cycles in a rotation leads to- diversity of the weed
community and minimizes the predominance of any one
species (Froud-Williams i988; Haas and Streibig 1982).
In our study. foxtails and fairy candelabra comprised
99% oF the V. eed community in SW-F In contrast, the.
weed community in SW-WW-SUN was more diverse.
with eicht spe.ci.es -kochia. yellow and green foxt-.til.s,
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